Abstract Depression, HIV-related stigma and low levels of social support may be particularly prevalent and adversely affect health and treatment outcomes among HIV-infected pregnant women. We examined factors associated with social support and stigma among pregnant women initiating antiretroviral therapy in the Western Cape, South Africa; and explored associations with depressive symptoms (Edinburgh Postnatal Depression Scale; EPDS) in linear regression models. Among 623 participants, 11 and 19 % had elevated EPDS scores using thresholds described in the original development of the scale (scores C13 and C10, respectively). Social support and stigma were highly interrelated and were associated with depressive symptoms. Stigma was observed to moderate the association between social support and depression scores; when levels of stigma were high, no association between social support and depression scores was observed. Elevated depression scores are prevalent in this setting, and interventions to reduce stigma and to address risk factors for depressive symptoms are needed.
Background
Antenatal depression is prevalent in low-and middle-income countries (LMICs) [1, 2] , with documented adverse effects on both maternal and child health [3] [4] [5] . Many of the risk factors for antenatal depression are prevalent in LMIC settings where HIV is most common, including poverty, unplanned pregnancy, and traumatic life events [6] . HIV-infected pregnant women may be a particularly vulnerable group, with high rates of depressive symptoms and psychiatric morbidity reported globally [7] . Other prevalent risk factors in this population may include high levels of HIV-related stigma and low levels of social support, both of which have been shown to have negative effects on factors such as coping [8] and quality of life [9] . Of note is that depression has been shown to be associated with non-adherence to antiretroviral therapy (ART) [10] and with attrition from care [11] in general HIV populations in Africa. Each of depression, HIV-related stigma and a lack of social support have additionally been identified as barriers to accessing prevention of mother-to-child transmission (PMTCT) services [12] and to the uptake of antiretrovirals for PMTCT [13] ; and HIV-related stigma is a widely reported barrier to ART initiation, adherence and retention in care among HIV-infected pregnant and postpartum women [14] .
There is thus strong evidence that depression and psychosocial factors play an important role in the treatment of HIV disease, and these factors are increasingly understood as constituting barriers to HIV care in the context of both general HIV and PMTCT programmes. In addition, recent evidence suggests that psychosocial factors and depression are interrelated. Studies conducted in sub-Saharan Africa have identified associations between depressive symptoms and both low levels of social support [15] and high levels of HIV-related stigma [16, 17] , and recent research conducted among HIV-infected men and women in South Africa has reported that both HIV-related stigma and social support are independently associated with depression [18] . However, the interrelationships among these constructs are poorly understood, and most previous research has not explored the potentially moderating effect of these factors on the relationships between other factors and depression. Research that simultaneously explores the independent effects of multiple psychosocial factors is needed in order to generate a more nuanced understanding of the complex interrelationships among these constructs, thereby guiding the development of much-needed interventions. Given the well-documented adverse effects of antenatal depression on both maternal and child health and development, and the fact that there are few effective treatment resources for antenatal depression in LMICs [4, 6] , this understanding is urgently needed.
Although risk factors for depression have been well described in many populations, including among HIVinfected pregnant women, research into psychosocial factors in the population of women who initiate lifelong ART during pregnancy is needed, as little research has focussed on this population specifically. Although ART eligibility in pregnant women was previously based on CD4 cell count and clinical disease staging, the World Health Organization now recommends that all pregnant women initiate lifelong ART, a recommendation known as ''Option B?'' [19] . This recommendation substantially increases the number of ART-eligible pregnant women, and a better understanding of the psychosocial factors that have been shown to impact on HIV care in other populations is needed in this context. We thus examined the factors associated with social support and stigma among HIV-infected pregnant women who were initiating ART in the Western Cape, South Africa; and explored the interrelationships among these constructs and antenatal depressive symptoms. Our aim was (i) to explore variables associated with the perceived availability of social support and HIV-related stigma; and (ii) to explore the relationships between the perceived availability of social support and HIV-related stigma, and antenatal depressive symptoms in this sample.
Methods
This cross-sectional analysis draws on a multi-phase implementation science study evaluating strategies for delivering HIV care and treatment services during pregnancy and the postpartum period (https://clinicaltrials. gov/ct2/show/NCT01933477). The study is located at a large primary care antenatal clinic in the former township of Gugulethu in Cape Town, South Africa. This stable, low socioeconomic community is characterized by high levels of HIV and poverty, with an antenatal HIV prevalence of 29 % [20] and an unemployment rate of 40 % [21] .
Participants
HIV-infected pregnant women were eligible to participate if they were 18 years or older and were eligible to initiate ART based on current local guidelines during the study period. Between March and June 2013, ART eligibility was determined based on CD4 cell count or clinical staging; after June 2013, all HIV-infected pregnant women were eligible to initiate lifelong ART regardless of CD4 cell count or clinical staging. All women provided written informed consent prior to participation. The study was approved by the University of Cape Town's Faculty of Health Sciences Human Research Ethics Committee and by the Institutional Review Board of the Columbia University Medical Center.
Measures
All measures were translated into isiXhosa, the predominant local language, and were back-translated to ensure accuracy. These measures were piloted prior to the study in order to ensure that items were understood by and applicable to a sample of women recruited from the same population. Given concerns around literacy levels, all measures were administered by trained isiXhosa-speaking interviewers. Study visits were conducted in an interview space separate from the antenatal clinic at study visits which were scheduled to coincide with participants' routine antenatal visits. Demographic characteristics, including age, marital status, gravidity, and timing of HIV diagnosis, were assessed at participants' first study visit. For our purposes, a composite poverty score was developed in order to categorize participants into tertiles based on their relative level of disadvantage. This composite score was calculated based on current employment status and a standardized composite asset index score based on housing type and household access to a flush toilet, piped water inside the home, electricity, and a refrigerator, telephone and television. Participants were categorized from least to most disadvantaged based on this score.
Participants completed a battery of psychosocial measures at their second antenatal visit, including a 12-item measure to assess the perceived availability of social support. The original measure was constructed as part of the development of methods to identify members of AIDS Behav (2017) 21:274-282 275 individuals' social support networks, with a view to developing procedures suitable for use in community surveys [22] . This measure was then modified and administered to a sample of HIV-infected injection drug users in the United States, and included domains of both instrumental and emotional support [23] . The measure used in the present study was based on this modified scale. Each item was assessed on a scale ranging from 1 to 5, with higher scores indicating higher levels of social support. The perceived availability of instrumental [Cronbach's alpha (a): 0.88] and emotional support (a: 0.92) were assessed separately by calculating the mean response across items pertaining to these constructs, as widely used elsewhere [24] . HIV-related stigma was assessed using items adapted from the Social Impact Scale [25] . The original scale was developed in order to explore the differential impacts of stigma among individuals diagnosed with HIV and with cancer, respectively, and was constructed through a process of consultation with clinical experts and HIV-infected individuals as well as factor analysis to group the items into sub-scales [25] . For our purposes, five items from the original scale were included, and two items were added assessing HIV-related stigma in the context of motherhood specifically. Items were assessed on a scale ranging from 1 to 5, with higher scores indicating higher levels of stigma. Mean scores were calculated for items assessing two dimensions of stigma, namely social rejection (a: 0.75) and internalized shame (a: 0.80), as described in the original development of the scale [25] .
The Edinburgh Postnatal Depression Scale (EPDS; a: 0.78) [26] was used to measure self-reported symptoms common to depressive disorders. This 10-item measure of recent depressive symptoms was originally developed for use in screening for possible depressive disorders among postnatal women, but has been validated for use in pregnancy [27] . In addition, the scale has been validated for use as a screening tool in South Africa in a sample of postnatal women [28] . Each item of the scale was assessed on a frequency scale ranging from 0 to 3, and a total score was obtained by summing individual item responses, with higher scores indicating more severe depressive symptoms. Threshold values of both C10 and C13 were explored as suggestive of elevated depressive symptoms, as recommended in the original development of the scale [26] . For our purposes, the EPDS was used as a measure of selfreported depressive symptoms, rather than as a diagnostic tool.
Data Analysis
Data were analysed using Stata 12 (StataCorp Inc, College Station, Texas, USA). Variables significantly associated with higher levels of instrumental and emotional support and with higher levels of social rejection and internalized shame were identified using Wilcoxon rank sum (MannWhitney) and Kruskal-Wallis tests. Multivariable linear regression models were built to examine variables independently associated with these constructs. Variables significantly associated with higher depression scores were similarly identified in unadjusted analyses. The associations between social support, stigma, potential confounders, and depressive symptoms were then explored in linear regression models. In order to explore the effects of social support and stigma on depressive symptoms at different levels of the other variable, tertiles of social support and stigma scores were created corresponding to low, medium and high levels. The potentially moderating effect of each variable was then examined graphically at each level of the other variable. Continuous depression scores were used in all analyses, although the proportion of participants with elevated scores on the EPDS was calculated using the suggested threshold values described above.
Results

Demographic and Clinical Characteristics and Antenatal Depressive Symptoms
A total of 623 women [median age: 28 years; inter-quartile range (IQR) [24] [25] [26] [27] [28] [29] [30] [31] [32] , enrolled between March 2013 and April 2014, completed psychosocial measures and were included in the analysis. Detailed demographic and clinical characteristics are presented in Table 1 . Most participants had not completed secondary education and were currently unemployed, and less than half were married or cohabiting. Most participants reported a previous pregnancy, and most of the current pregnancies were unintended. Just over half of the participants were diagnosed with HIV during the current pregnancy. At the time of their second antenatal visit, 84 % of participants had initiated ART, with a median duration of ART use of 16 days (IQR [14] [15] [16] [17] [18] [19] [20] [21] [22] . A total of 121 women (19 %) had elevated EPDS scores using a threshold of C10, and 67 women (11 %) had EPDS scores C13. Table 2 reports scale scores and item-specific responses from the measures of social support and HIV-related stigma. Although participants reported high levels of social support generally, the reported availability of instrumental support was significantly lower than that of emotional support (mean scores: 4.2 and 4.4, respectively; paired t test: t = -6.40, p \ 0.001). Of note, women reported a low availability of monetary support (mean score for item assessing monetary assistance to pay rent: 3.4). Variables associated with the subscales of social support were examined separately. Higher levels of both social rejection [b: -0.1; 95 % confidence interval (CI) -0.2, -0.01; p = 0.031] and internalized shame (b: -0.3; 95 % CI -0.4, -0.2; p \ 0.001) were significantly associated with lower perceived availability of instrumental support, after adjusting for age. In addition, after adjustment for age, participants experiencing higher levels of poverty reported significantly lower availability of instrumental support (b 
Perceived Availability of Social Support
HIV-Related Stigma
In terms of HIV-related stigma, reported levels of internalized shame were higher than those of social rejection (mean score: 2.4 and 1.7 respectively; paired t test: t = -20.77, p \ 0.001). Women reported the highest levels of stigma on items assessing secrecy around their HIV-infection (mean scores: 2.6 for both items) and on the item assessing concern around who will take care of their baby if they become sick (mean score: 2.8). Correlates of both dimensions of HIV-related stigma were explored separately. After adjustment for age and poverty, increased availability of both instrumental (b: -0.2; 95 % CI -0.3, -0.1; p \ 0.001) and emotional support (b: -0.1; 95 % CI -0.2, -0.02; p = 0.013) were significantly associated with lower reported levels of social rejection. Higher levels of both dimensions of social support were similarly associated with lower levels of internalized shame in unadjusted analyses. In adjusted analyses, the relationship between higher levels of the perceived availability of instrumental support remained significantly associated with lower levels of internalized shame (b: -0.3; 95 % CI -0.5, -0.2; p \ 0.001), independent of age, poverty, and the perceived availability of emotional support. 
Variables Associated with Antenatal Depressive Symptoms
The relationships between demographic and psychosocial constructs, and antenatal depressive symptoms were explored. In unadjusted analyses, significantly higher depression scores were observed among mothers who reported single marital status, an unintended pregnancy, and higher levels of social rejection and internalized shame. In addition, increases in age and in the perceived availability of instrumental and emotional support were significantly associated with lower depression scores (Table 3) . When adjusted for age, marital status and pregnancy intention (adjusted model A), the associations between both dimensions of HIV-related stigma and depression scores persisted, as did the associations between both dimensions of social support and depression scores. In a multivariable model adjusted for all other covariates (adjusted model B), maternal age, the report of an unintended pregnancy, and higher levels of social rejection and internalized shame remained significantly associated with depression scores, with a stronger effect observed for internalized shame compared to that observed for social rejection. A one-unit increase in social rejection was associated with a 0.7 unit increase (95 % CI 0.1, 1.3; p = 0.025) in depression score; compared to a 1.8 unit increase in depression score (95 % CI 1.2, 2.3; p \ 0.001) associated with a one-unit increase in internalized shame, independent of marital status, pregnancy intention and the perceived availability of both instrumental and emotional support. When stratified by tertiles of social support, a clear doseresponse relationship was observed between tertiles of HIVrelated stigma and increasing depression scores across all levels of social support (Fig. 1a) . In contrast, a clear doseresponse relationship was observed between higher levels of perceived social support and lower depression scores only when HIV-related stigma was low (Fig. 1b) . At higher levels of stigma, the relationship between social support and depressive symptoms did not persist, suggesting that HIVrelated stigma moderates the relationship between social support and depressive symptoms. This same moderating effect was observed when the subscales of social support and HIV-related stigma were examined. Specifically, social rejection and internalized shame were observed to moderate the effects of the perceived availability of instrumental and emotional support on depression scores.
Discussion
This research explored variables associated with the perceived availability of social support and HIV-related stigma in a sample of HIV-infected pregnant women in South Africa, and examined the interrelationships among these factors and antenatal depressive symptoms. Social support and HIV-related stigma were observed to be highly interrelated in this sample, with strong and persistent associations observed between these constructs, and between poverty and decreased levels of instrumental support. A high proportion of participants scored above suggested thresholds on the EPDS, with 1 in 5 women scoring C10, and 1 in 10 scoring C13. Social rejection and internalized shame were found to be strongly associated with depression scores in this sample, with stronger effects observed for internalized shame. Although associations were observed between social support and depression scores in unadjusted analyses, stigma was observed to moderate this association, with social support only associated with depression scores when low levels of stigma were reported. In contrast, an association between stigma and depression scores was observed at all levels of social support, suggesting that social support does not act as a buffer against the detrimental effects of stigma in this sample.
Although slightly lower than other recently reported estimates among pregnant women in the region [29] [30] [31] , the proportion of participants with elevated depression scores observed here is concerning, given documented adverse effects on maternal and child health and on HIVrelated treatment outcomes. Although much progress has been made in improving maternal physical health, this persistently high prevalence of depressive symptoms suggests that more focus is needed on mental health in this population. The variables associated with depression scores observed here are well-documented risk factors for depression during pregnancy, although here they are described among a population of women among whom a dearth of data exist. As this population grows, understanding and targeting these barriers to optimal mental health will become increasingly important to ensure longterm maternal and child health.
The finding that stigma moderates the relationship between social support and depression scores is notable, and contrasts with previous research conducted among HIV-infected men and women in the Western Cape, South Africa, where both social support and stigma were found to be independently associated with depression [18] . This novel finding highlights the urgent need for interventions to reduce stigma in this context, particularly given its adverse effects in HIV-infected pregnant women who may already be at increased risk of depression. While much progress has been made in the stigma-reduction field, many gaps and challenges remain in developing effective interventions and incorporating them into national HIV programmes [32] , and the need for evidence-based interventions has been widely described. Our findings AIDS Behav (2017) 21:274-282 279 highlight the need for an increased focus on preventive interventions to reduce stigma, particularly given the welldocumented adverse effects of antenatal depression and the relative lack of effective treatment resources in LMICs [4, 6] . Although many interventions to increase social support for HIV-infected individuals have been posited, our findings suggest that increasing social support may not be sufficient in contexts where stigma is prevalent, and community-and structural-level approaches to alleviate stigma, which are currently rare [32] , are urgently needed.
In this low socioeconomic context, higher levels of poverty were identified as a risk factor for both higher levels of HIV-related stigma and lower levels of social support, and the relationship between poverty and instrumental support persisted in adjusted analyses. For women in adverse socioeconomic circumstances, instrumental support may be lacking if friends and family are similarly living in poverty. Alternatively, women may require additional support to request assistance from friends and family, especially in contexts where stigma is prevalent. Interestingly, the perceived availability of instrumental support had stronger effects on depression scores in unadjusted analyses than did the perceived availability of emotional support. This is consistent with the findings of previous research in KwaZulu-Natal, South Africa [24] , and may indicate that structural interventions to alleviate poverty may have a greater impact than interventions to increase emotional social support in these contexts. These interventions may be particularly beneficial among pregnant women, where financial constraints may be compounded by factors such as transport costs when accessing antenatal care, as well as increased household expenses after delivery. A particular strength of this study is the inclusion of a large sample recruited from a primary care clinic, as the results observed are likely to be generalizable to other communities in the region. In addition, the inclusion of multiple psychological constructs in one analysis and the exploration of the complex interrelationships between them is a novel aspect of the present study, given the dearth of similar data in this context. A limitation of the present analysis, however, is that all of the data included were based on self-report and may be subject to social desirability bias. Although the EPDS has been validated for use as a screening tool in a South African population [28] , the use of self-reported depressive symptoms may not reflect the true prevalence of antenatal depression in this population. Since this measure is not a diagnostic assessment, it may additionally be picking up on generalized psychiatric distress, including symptoms of anxiety, even though it was developed specifically as a measure of depression. As this study was a cross-sectional analysis of baseline data, we cannot make inferences regarding causality among these variables. Recent research has demonstrated a dynamic relationship between social support and stigma [33] , a finding which warrants further exploration using other longitudinal datasets. In addition, it is possible that depression causes increases in reported stigma as well as decreases in the perceived availability of social support, a hypothesis that we were unable to explore in these crosssectional data and that has major implications for the development of interventions in this context.
Despite these limitations, the findings from the present study are notable, and add to the literature in several important ways. Few data examining psychosocial risk factors among women initiating ART in the context of Option B? exist, and the present study is notable in that it explores these constructs in this important population. As increasing numbers of women initiate ART during pregnancy, understanding the psychosocial risk factors faced by these women will become increasingly important, given their possible impact on adherence and retention in care. The present analysis is notable in that it begins to explore these constructs, and highlights the importance of simultaneously considering the associations among multiple psychosocial risk factors and depressive symptoms in order to generate a more nuanced understanding of the complex interrelationships among these constructs. In particular, this analysis highlights the moderating role of HIV-related stigma in the relationship between social support and depressive symptoms in this population. These results suggest that research to identify ways of reducing stigma and increased efforts to alleviate stigma, particularly at the community and structural level, are urgently needed. Finally, these findings suggest that further study of the impact of psychosocial factors on HIV-related outcomes, including ART adherence and retention in care, is needed in this population. 
